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(54) Ultrasonic diagnostic apparatus 



(57) In an ultrasonic diagnostic apparatus (1 0), a set 
of transmitting conditions ML1 optimal for existential di- 
agnosis and two transmitting conditions ML2 and ML3 
optimal for qualitative diagnosis are defined for the con- 
trast echo method and selected appropriately according 
to a sequence of diagnosis for the purpose of gathering 
and processing ultrasonic images. The transmitting con- 



ditions can be switched automatically, from one to the 
other, or in accordance with a command issued by the 
operator due to the program registered in advance. A 
flash transmission is conducted on the transmitting con- 
ditions MLh between an existential diagnosis and a 
qualitative diagnosis. This enables the user to observe 
the new in-flow of contrast medium into the region being 
observed. 
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Description 

[0001 ] This invention relates to an ultrasonic diagnos- 
tic apparatus for use in, for example, medical image di- 
agnoses, and also to a method of controlling such an 
ultrasonic diagnostic apparatus. 
[0002] Ultrasonic diagnostic apparatuses can display 
in real time the beating of the heart or the motion of the 
embryo in the subject, merely by applying an ultrasonic 
probe to the surface of the subject's body. Furthermore, 
they can be used repeatedly for the same subject in 
safety, because they apply no X rays to the subject. Ad- 
ditionally, they are smaller than diagnostic apparatuses 
of any other type, such as X-ray CT scanners and MRI 
apparatuses. They can therefore be easily moved to the 
bedside and can examine the subject. For these and 
other advantages, ultrasonic diagnostic apparatus are 
widely used to examine the heart, the abdomen and the 
urinary organs, in the field of obstetrics and gynecology. 
Each ultrasonic diagnostic apparatus may have various 
sizes, depending on what functions the apparatus it per- 
forms. Compact ones, small enough to be carried by a 
single hand, have been developed to date. It is expected 
that the patient may operate some ultrasonic diagnostic 
apparatus may be operated by patients in the future. 
[0003] Various imaging methods are known for ultra- 
sonic image diagnostic apparatus. Among them is a rep- 
resentative one called "contrast echo method." In the 
contrast echo method, an ultrasonic an contrast medium 
containing micro-bubbles is injected into the blood ves- 
sel of the subject to intensity the scattering ultrasonic 
echo. 

[0004] In recent years, ultrasonic contrast media to be 
injected into the veins have become commercially avail- 
able. The contrast echo method is now widely em- 
ployed. In the method, an ultrasonic contrast medium is 
injected into the vein of the subject to intensity the blood 
flow signal and to evaluate the dynamic blood flow. This 
facilitates the examination of the heart or the abdominal 
organ. In most contrast media, micro-bubbles work as 
reflectors. The imaging effect of any contrast medium is 
prominent when it has a high density and is injected in 
large quantities. It is known, however, that micro-bub- 
bles, which are weak and delicate, collapse when ultra- 
sonic waves are applied to them. Consequently, the time 
during which the medium remains effective is short- 
ened. 

[0005] The simplest technique of receiving an echo 
signal constantly and continuously receiving from such 
delicate micro-bubbles is to reduce the acoustic pres- 
sure of the ultrasonic waves. Generally, as the transmis- 
sion output decreases in level, the ratio of the level of 
the received signal to the system noise of the apparatus, 
or so-called S/N ratio, decreases, rendering it difficult to 
obtain satisfactory images for diagnosis. The S/N ratio 
in ultrasonic diagnostic apparatuses has remarkably in- 
creased due to the recent advancement in the digital cir- 
cuit technology. Additionally, it is expected that satisfac- 
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torily effective image diagnoses can be achieved in the 
future at low and intermediate levels of ultrasonic irradi- 
ation level. This is because contrast media exhibiting im- 
proved resistance to acoustic pressure will be commer- 

5 cially available in the near future. 

[0006] Typical modes of diagnosis using the contrast 
echo method include existential diagnosis and qualita- 
tive diagnosis. The existential diagnosis is performed by 
scanning a living organ in three-dimensional fashion 

io and detecting, from the obtained image, a pathologic re- 
gion, if any, in the organ. To accomplish existential di- 
agnosis, parameters suitable for observing a micro-per- 
fusion image of the organ must be selected and applied 
to the apparatus. The qualitative diagnosis is to deter- 

15 mine the type and progress of disease in the tumor-like 
lesion detected in a living organ. To achieve qualitative 
diagnosis, parameters that make the microstructure of 
the blood vessel more clearly discernible must be se- 
lected and applied. 

20 [0007] The parameters suitable for existential diagno- 
sis are contradictory to the parameters suitable for qual- 
itative diagnosis. To conduct the two types diagnoses in 
the single diagnostic sequence by using the convention- 
al ultrasonic diagnostic apparatus, it is necessary to se- 

25 lect parameters that are contradictory to one another. 
Selection of such parameters is very cumbersome and 
difficult. In other words, to perform both the existential 
diagnosis and the qualitative diagnosis, the diagnostic 
sequence must be carried out twice, which requires a 

30 long time and much labor. Such a time-consuming, cum- 
bersome operation is a heavy burden to both the oper- 
ator and the patient. 

[0008] The present invention has been made in view 
of the foregoing. An object of the invention is to provide 

35 an ultrasonic diagnostic apparatus and a method of con- 
trolling such an ultrasonic diagnostic apparatus, which 
can accomplish both an existential diagnosis and a qual- 
itative diagnosis in a single diagnostic sequence. 
[0009] The present invention may provide an ultra- 

*o sonic diagnostic apparatus which is characterized by 
comprising: an ultrasonic probe which transmits an ul- 
trasonic wave to a predetermined region of a subject in- 
jected a contrast medium and receiving a reflection 
wave from the subject; a drive signal generation unit 

45 configured to generate a drive signal to drive the ultra- 
sonic probe; a controller which controls the drive signal 
generation unit to switch at least three wave transmitting 
conditions in a predetermined order, each of the at least 
three wave transmitting conditions being for acquiring 

so distribution information on the contrast medium applied 
into the tissues of the predetermined region and show- 
ing different contrast medium destructing abilities; and 
an image generation unit configured to generate an ul- 
trasonic image from the reflection wave obtained by at 

55 least one of the ultrasonic waves transmitted respective- 
ly in each of the at least three wave transmitting condi- 
tions. 

[0010] The present invention may also provide an ul- 
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trasonic diagnostic apparatus which is characterized by 
comprising: an ultrasonic probe which transmits an ul- 
trasonic wave to a predetermined region of a subject in- 
jected a contrast medium and receives a reflection wave 
from the subject; a drive signal generation unit config- 
ured to generate a drive signal to drive the ultrasonic 
probe; a controller which controls the drive signal gen- 
eration unit to switch a first wave transmitting condition 
which does not destruct the contrast medium substan- 
tially, a second wave transmitting condition which sub- 
stantially destructs the contrast medium and a third 
wave transmitting condition which differs from the first 
and second wave transmitting conditions, in a predeter- 
mined order; and an image generation unit configured 
to generate an ultrasonic image on the basis of the re- 
flection wave obtained by at least one of the ultrasonic 
waves transmitted respectively on each of the first, sec- 
ond and third wave transmitting conditions. 
[0011] The present invention may provide a method 
of controlling an ultrasonic diagnostic apparatus which 
scans a predetermined region of a subject with a con- 
trast medium injected, by using an ultrasonic probe, and 
which generates an ultrasonic image, the method char- 
acterized by comprising: supplying drive signals to the 
ultrasonic probe to switch at least three wave transmit- 
ting conditions for acquiring distribution information on 
the contrast medium in the tissues in the predetermined 
region, in a predetermined order by the ultrasonic scan- 
ning, the at least three wave transmitting conditions 
showing different contrast medium destructing abilities 
respectively; and generating an ultrasonic image from 
the reflection wave obtained from at least one of the ul- 
trasonic waves transmitted respectively in each of the 
at least three wave transmitting conditions. 
[0012] This summary of the invention does not nec- 
essarily describe all necessary features so that the in- 
vention may also be a sub-combination of these de- 
scribed features. 

[0013] The invention can be more fully understood 
from the following detailed description when taken in 
conjunction with the accompanying drawings, in which: 

FIG. 1 is a block diagram showing an ultrasonic di- 
agnostic apparatus 10 according to the invention; 
FIG. 2 is a list of ultrasonic transmission conditions 
(transmission voltage, transmission frequency and 
transmission frame rate) registered in advance in 
the internal memory device 29 illustrated; 
FIG. 3 is a conceptual representation of the pro- 
gram-registering function of MLs; 
FIG. 4 illustrates a format of displaying ML buttons 
41 to be used for Set No. 1 ; 
FIG. 5 depicts another format of displaying ML but- 
tons 41 to be used for Set No. 1 ; 
FIG. 6 is a conceptual illustration of a program-reg- 
istering function of MLs, which is different from the 
function shown in FIG. 3; 

FIG. 7A shows the sequence of operation of ultra- 
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sonic transmission, which is performed when Set 
No. 3 in FIG. 6 is used; 

FIG. 7B illustrates the sequence of operation of ul- 
trasonic transmission, which is performed when Set 
5 No. 4 in FIG. 6 is used; 

FIG. 7C depicts the sequence of operation of ultra- 
sonic transmission, which is performed when Set 
No. 5 in FIG. 6 is used; 

FIG. 8 is a flowchart showing the sequence of ultra- 
10 sonic diagnosis , which is carried out when Set No. 
3 in FIG. 6 is used; 

FIG. 9 is a flowchart illustrating the sequence of ul- 
trasonic diagnosis, which is performed when Set 
No. 4 in FIG. 6 is used; 
15 FIG. 10 is a flowchart showing the sequence of ul- 
trasonic diagnosis, which is performed when Set 
No. 5 in FIG. 6 is used; 

FIG . 1 1 shows a perfusion image and a vascular im- 
age that are displayed side by side, on the monitor 
20 25; 

FIG. 1 2 shows a synthetically combined image con- 
sisting of a perfusion image and a vascular image 
that overlap each other, with their spatial postures 
corresponding to each other; 
25 FIG. 13 is a diagram explaining the effect of an ul- 
trasonic diagnostic apparatus according to the in- 
vention; and 

FIG. 14 is a diagram explaining the effect of an ul- 
trasonic diagnostic apparatus according to the in- 
30 vention. 

[0014] The present invention will be described, with 
reference to the accompanying drawings. The compo- 
nents identical or similar to one another are denoted at 
35 the same reference symbols in the drawings and will not 
be described repeatedly, unless necessary, in the fol- 
lowing description. 

[0015] FIG. 1 is a block diagram of an ultrasonic diag- 
nostic apparatus 1 0 according to the invention. First, the 

40 configuration of the ultrasonic diagnostic apparatus 1 0 
will be described, with reference to FIG. 1 . 
[0016] The ultrasonic diagnostic apparatus 10 com- 
prises an ultrasonic probe 13, a T/R 1 4, a transmission 
circuit 15, a reception circuit 17, a B mode processing 

45 system 19, a color Doppler processing system 21, an 
image generation circuit/image memory 23, a monitor 
25, a control processor 27, an internal memory device 
29, an input device 33, and a communication device 35. 
[0017] The ultrasonic probe 13 has piezoelectric vi- 

50 brators made of piezoelectric ceramic. The vibrators 
function as acoustic/electric reversible transducers. 
They are removably connected to the main body of the 
apparatus 10. The piezoelectric vibrators are juxta- 
posed and provided at the front end of the probe 13. 

55 They are designed to generate an ultrasonic wave from 
the voltage pulses supplied from the transmission circuit 
15. 

[0018] The T/R 1 4 is a switch for switching the oper- 
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ation of the ultrasonic probe 13, from transmission to 
reception or vice versa. More specifically, the transmis- 
sion circuit 15 supplies a drive signal to the ultrasonic 
probe 1 3 when the T/R 1 4 selects transmitting operation 
mode. When the T/R 14 selects receiving operation 
mode, an echo signal received by the ultrasonic probe 
13 is transmitted to the reception circuit 17. 
[001 9] The transmission circuit 1 5 is connected to the 
probe 13. It has a pulse generator, a transmission delay 
circuit, and a pulser. The pulse generator repeatedly 
generates a rate pulse at a rate frequency f 0 Hz (period: 
1/f 0 seconds) of, for example, 5 kHz. The rate pulses 
generated are allotted for transmission channels and 
transmitted to the transmission delay circuit. The trans- 
mission delay circuit delays each rate pulse by a delay 
time. The delay time is of the value that converges and 
changes the ultrasonic wave to a beam and determines 
the transmission directivity. The transmission delay cir- 
cuit receives a trigger signal, as timing signal, from a 
trigger signal generator (not shown). The pulser applies 
a voltage pulse to the probe 13 for each channel when 
it receives a rate pulse from the transmission delay cir- 
cuit. Upon receiving a voltage pulse, each piezoelectric 
vibrator at the front of the ultrasonic probe 13 vibrates, 
generating an ultrasonic pulse having the center fre- 
quency of f 0 . The ultrasonic pulse is applied to the sub- 
ject P. 

[0020] The ultrasonic pulse applied from the ultrason- 
ic probe 1 3 propagates through the subject P. In the sub- 
ject P, the ultrasonic pulse is reflected from discontinu- 
ous planes of acoustic impedance. The ultrasonic pulse 
thus reflected returns to the ultrasonic probe 13, in the 
form of echo. The amplitude of the echo depends on the 
acoustic impedances of the tissue at the discontinuous 
plane where the ultrasonic pulse is reflected. The echo 
generated from the ultrasonic pulse reflected by blood 
and the surface of any moving cardiac wall depends on 
the velocity at which the subject P moves in the direction 
of the beam. The echo undergoes frequency deviation 
due to the Doppler effect. 

[0021] In the diagnostic sequence that will be de- 
scribed later, the transmission circuit 1 5 transmits an ul- 
trasonic wave as a function of the voltage pulse that var- 
ies in accordance with various programmed transmis- 
sion conditions and the transmission frequency. These 
factors will be described later in detail. 
[0022] The reception circuit 1 7 has a pre-amplifier, an 
A/D converter, a reception delay circuit, and an adder. 
The pre-amplifier amplifies the echo signal that the re- 
ception circuit 17 has received from the probe 13 for 
each channel. The echo signal amplified has been de- 
layed much enough for the reception delay circuit to de- 
termine the reception directivity. The echo signals from 
the channels are added in the adder to from a signal for 
one raster. An echo signal (RF signal) is thereby gener- 
ated. In the echo signal, the reflection component com- 
ing in a certain direction that depends on the reception 
directivity of the received echo signal is emphasized. 
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The reception directivity and the transmission directivity 
determine the overall directivity (or "scanning line") of 
ultrasonic transmission/reception. 
[0023] The B mode processing system 19 has an 

5 echo filter, a detection circuit, and an LOG compression 
circuit, which are not shown. The echo filter is a band- 
pass filter that is adapted to phase detection in order to 
extract signals in a desired frequency band. The detec- 
tion circuit detects the envelope of the echo signal out- 

io put from the echo filter. It determines a B mode signal 
for producing a B mode image that visualizes the fun- 
damental wave component for each scanning line in a 
manner as will be described hereinafter. The LOG com- 
pression circuit compresses the B mode detection data 

15 by logarithmic transformation. 

[0024] The color Doppler processing system 21 has 
a phase detection circuit, an analog/digital converter, an 
MTI filter, an auto-correlator, and an arithmetic section, 
which are not shown. The system 21 is configured to 

20 extract the blood flow component attributable to the 
Doppler effect and to acquire blood flow information. 
The blood flow information includes the average veloc- 
ity, dispersion and power for a number of points. The 
blood flow information is sent to the monitor 25 via the 

25 image generation circuit/image memory 23. The infor- 
mation is displayed in color in the form of an average 
velocity image, a dispersion image, a power image and 
a combined image thereof. 

[0025] The image generation circuit/image memory 

30 23 receives the string of scanning line signals generated 
by ultrasonic scans and input from the B mode process- 
ing system 1 9 or the color Doppler processing system 
21 . The memory 23 transforms the scanning line signals 
into data of an orthogonal coordinate system, which is 

35 based on spatial information. The memory 23 divides 
the plane obtained from the information on each scan- 
ning tine after the transformation into pixels. The mem- 
ory 23 stores information on the reflection intensity of 
the plane by allocating the pixels to memory addresses. 

40 The information is read from the memory 23, as a string 
of scanning line signals arranged in an ordinary video 
format that may be that of television. The information 
thus read is output to the monitor 25 as video signal. 
[0026] The monitor 25 typically comprises a CRT. It 

45 displays a tomographic image represented by the input 
video signal and showing the tissues of the subject P. 
More precisely, the monitor displays an image synthe- 
sized from a B mode signal, a power signal and a ve- 
locity signal, all generated by the image generation cir- 

50 cuit/image memory 23. 

[0027] The control processor 27 controls some of the 
components of the ultrasonic diagnostic apparatus 10; 
it functions as control center. 

[0028] The internal memory device 29 stores a control 
55 program and image data necessary for collecting, 
processing and displaying ordinary ultrasonic images. 
The internal memory device 29 also stores a control pro- 
gram necessary for realizing transmission conditions for 
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observing perfusion images and transmission condi- 
tions for making the microstructure of blood vessel more 
discernible in a diagnostic sequence, and ultrasonic 
transmission conditions that can be used for ultrasonic 
transmissions according to the program. Ultrasonic 
transmission conditions are parameters that influence 
the physical conditions of the ultrasonic wave to be 
transmitted including the acoustic pressure to be trans- 
mitted into the living body, the transmission frequency, 
the number of waves to be transmitted, the number of 
times of emissions per unit time of a transmission pulse 
and so on. The ultrasonic transmission conditions are 
stored in the internal memory device 29 as default con- 
ditions. The operator can alter these conditions and reg- 
ister other conditions, by operating the input device 33 
in a predetermined manner. 

[0029] FIG. 2 is a list of ultrasonic transmission con- 
ditions (transmission voltage, transmission frequency 
and transmission frame rate) registered in advance in 
an internal memory device 29. The abbreviation "ML" 
used in FIG. 2 and in the following description stands 
for a mechanical level. A mechanical level is a compre- 
hensive ultrasonic transmission condition defined by the 
three parameters of transmission voltage, transmission 
frequency and transmission frame rate. Thus, any ML 
selected means that a transmission voltage, a transmis- 
sion frequency and a transmission frame rate are 
uniquely defined. 

[0030] As FIG. 2 shows, at ML1 , a transmission con- 
dition that provides a low contrast medium destructing 
ability is defined for observation of a perfusion image 
(low acoustic pressure level). At ML2 through ML5, con- 
trast medium destructing abilities higher than the one 
defined for observation of a perfusion image are provid- 
ed and arranged in the ascending order. These levels 
provide medium contrast medium destructing abilities 
for observation of a vascular image (between the de- 
struction ability for observation of a perfusion image and 
the one for flash echo) (middle to high acoustic pressure 
levels). At MLh, very high transmission conditions are 
defined for purpose of destructing micro-bubbles on the 
scanning plane in a short period of time (so as to be 
used for the flash echo method) (high acoustic level). 
[0031] ML is also used as index for the degree of abil- 
ity of destructing contrast media. In this embodiment, 
the number affixed to ML shows a level of ability of de- 
structing contrast media. That is, ML2 in FIG. 2 repre- 
sents an ability of destructing contrast media higher than 
ML1 . If two MLs represent the same transmission volt- 
age and the same transmission frequency and repre- 
sent different transmission frame rates, one ML that rep- 
resents the higher transmission frame rate is affixed with 
a larger number. This is because, when two ultrasonic 
waves transmitted with a same acoustic pressure, the 
ML showing the higher transmission rate can destruct 
the contrast medium within unit time. 
[0032] The ultrasonic diagnostic apparatus 10 can 
register any combination of MLs in advance as a pro- 
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gram. When this program is selected, a diagnostic se- 
quence that uses only the MLs of the program is carried 
out, as will be described in greater detail hereinafter. 
[0033] The ML most suited for a diagnostic image can 

s be determined when the physical properties of the con- 
trast medium are known. In view of this, it is desired that 
the ultrasonic diagnostic apparatus 1 0 have a number 
of MLs as default values. As FIG. 2 shows, a combina- 
tion of five MLs is defined. Nonetheless, more than five 

10 MLs can be stored. 

[0034] The ultrasonic diagnostic apparatus 1 0 will be 
further described, with reference to FIG. 1 . The input de- 
vice 33 is an interface (including a mouse or track ball, 
a mode changeover switch and a keyboard), a TCS 

15 (Touch Command Screen), or the like, which operator 
uses to define a region of interest (ROI) in order to input 
various commands, instructions and data. 

(Existential Diagnosis, Qualitative Diagnosis) 

20 

[0035] The ultrasonic diagnostic apparatus 10 of the 
configuration described above is used to observe the 
dynamic blood flow by performing the contrast echo 
method that uses an ultrasonic contrast medium for the 

25 purpose of diagnosing the subject. Typical modes of di- 
agnosis of the organs, such as the liver, the pancreas 
and the spleen, in which tumor-like lesions (occupying 
diseases) may develop, include existential diagnosis 
and qualitative diagnosis. These diagnoses will be de- 

30 scribed below. 

[0036] Existential diagnosis is a diagnosis mode of 
detecting a morbid region (tumor-like lesion) in living or- 
gans by scanning the organs three-dimensionally. In 
some cases, tumor-like lesions can be detected by us- 

35 jng an ordinary B mode tomographic image. In most cas- 
es, however, the doctor needs to scrutinize the image 
to detect tumor-like lesions. This is inevitably because 
the morbid region and the normal tissues do not show 
any difference in terms of luminance contrast of image. 

40 Hence, the morbid region and the normal tissue can 
hardly be distinguished from each other. Particularly, 
small morbid regions and regions with unclear lesion 
boundaries may be overlooked frequently. 
[0037] Generally, the image of such a tumor-like le- 

45 sion seen after a contrast medium is applied looks quite 
different from the image seen before the contrast medi- 
um is applied. Normal tissues provides an image with a 
relatively homogeneous rise of luminance due to per- 
fusion of blood, and the dynamic blood flow of a tumor 

so clearly differs from that of normal tissues. Thus, the im- 
age of a tumor is clearly detected from the luminance 
contrast ratio of the image. Therefore, a perfusion image 
of tissues is preferably used for existential diagnosis. A 
perfusion image of tissues can be obtained by process- 

55 ing the information on a very slow blood flow. 

[0038] To acquire information on a very slow blood 
flow, the apparatus may need to (1 ) minimize the trans- 
mitted acoustic pressure in order to reduce the loss of 
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micro-bubbles, (2) to maximize the time intervals of ul- 
trasonic irradiation in order not to break micro-bubbles 
(so-called intermittent transmission method), or (3) to 
detect only higher harmonic signal components (so- 
called harmonic imaging method). In most cases, the 
method (1) is used to extracting a perfusion image of 
tissues for the purpose of existential diagnosis as de- 
scribed for this embodiment. It is desirable to define pa- 
rameters that are suited for observing an image of micro 
perfusion of an organ, or so-called a perfusion image, 
for the ultrasonic diagnostic apparatus. 
[0039] Qualitative diagnosis, on the other hand, is a 
mode of diagnosing the type and progress of disease in 
the detected tumor-like lesion. One of its principal func- 
tions is to discriminate malignant tumor (primary liver 
cancer) and benign tumor (hemangioma). The qualita- 
tive diagnosis can be utilized in the treatment of a de- 
tected primary liver cancer, by observing how richly 
blood vessels are formed in the inside of the tumor. 
[0040] Thus, it is important to know more details a le- 
sion through qualitative diagnosis. To perform success- 
ful qualitative diagnosis, it is essential to determine the 
blood vessel structure from the blood flow in blood ves- 
sels, which is faster than perfusion, though the structure 
may be very fine. If parameters similar to those applied 
to existential diagnosis are selected for qualitative diag- 
nosis, the microstructure of blood vessels will be hidden 
behind the luminance of perfusion. This will render it dif- 
ficult to observe the object of diagnosis. This can be 
avoided by (V) appropriately raising the acoustic pres- 
sure to be transmitted to detect only blood flows of the 
vascular system showing a relatively high supply rate 
so as not to detect slow blood flows of the perfusion lev- 
el, (2') intermittently transmitting acoustic pressure at in- 
tervals good for detecting only blood flows showing a 
relatively high supply rate, or (3') using not only harmon- 
ic signals but also an imaging method for detecting the 
flow rate (such. as Doppler method). 
[0041] When the measure (V) is taken, it is no longer 
possible to observe the micro structure of blood vessels 
and the perfusion image respectively on the conditions 
of ultrasonic diagnosis that are suited for existential di- 
agnosis and on the conditions of ultrasonic diagnosis 
that are suited for qualitative diagnosis. This is because 
it is desirable to define parameters for the diagnostic ap- 
paratus that make the microstructure of blood vessels 
clearly discernible for qualitative diagnosis. 
[0042] With the ultrasonic diagnostic apparatus 10, 
the conditions of ultrasonic diagnosis suited for existen- 
tial diagnosis and those suited for qualitative diagnosis, 
e. g., the conditions for transmitting an ultrasonic wave, 
can be quickly and easily switched so that the both di- 
agnoses can be conducted in a single diagnostic se- 
quence. This will be more clearly understood from the 
technique of collecting and displaying ultrasonic imag- 
es, which will be described later. 
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(Program Registration of MLs) 

[0043] Now, the program feature of MLs, which the ul- 
trasonic diagnostic apparatus 1 0 has, will be described. 
5 This feature is used to register any combinations of MLs 
as programs in advance. When a program is selected, 
a diagnostic sequence that uses only the MLs of this 
program is executed. 

[0044] FIG. 3 illustrates a program registering feature 

10 for MLs. Assume that seven mechanical effects of ML1 
to ML7 are registered in the internal memory device 29 
in advance as shown in FIG. 3. Then, an ML list con- 
taining ML1, ML2, ML6 and ML7 is registered as pro- 
gram Set No. 1 . 

15 [0045] To execute the registered program Set No. 1 
to carry out a diagnostic sequence, only the MLs of the 
program Set No. 1 can be used. More specifically, when 
the operator executing the diagnostic sequence re- 
quests "Set No. 1 the buttons 41 of MLs of Set No. 1 

20 are displayed on the TCS or the monitor 25 of the ap- 
paratus 10 as is illustrated in FIG. 4. Thus, the operator 
can use only the MLs of Set No. 1 that correspond to 
the displayed buttons 41. The operator can therefore 
quickly and easily determine the conditions of ultrasonic 

25 transmission that are suited for any of various diagnostic 
images including a perfusion image and a vascular im- 
age by selecting one of the ML buttons. 
[0046] The mode of displaying ML buttons 41 is not 
limited to the one shown in FIG. 4. Rather, it is possible 

30 to use various display modes. For example, MLs may 
be automatically arranged in the ascending order (or the 
descending order) of the actual values of the MLs (me- 
chanical effects), whereas those shown in FIG. 4 are 
arranged in the ascending order of the numbers affixed 

35 to them. The display mode shown in FIG. 5, where the 
values of MLs are more visually and quantitatively 
shown, may preferably be used. 
[0047] Program registration of MLs is not limited to the 
instance of FIG. 3. Sets of selected values of MLs may 

40 be registered in the order of execution (selection) as 
shown in FIG. 6. For example, the conditions MLh is in- 
serted between ML1 and ML2 and between ML2 and 
ML3 without fail in Set No. 2 and the sequence is regis- 
tered as part of the program. 

45 [0048] The use of a single button is sufficient to re- 
quest Set No. 2 of FIG. 6 to shift MLs. The operator only 
needs to push the button repeatedly to shift the MLs until 
a desired set of conditions is selected. 
[0049] Preferably, a button for skipping MLs is provid- 

50 ed to get to the desired ML quickly. Likewise, a "reset" 
button for returning to the head of the sequence is pref- 
erably provided. 

[0050] It is desired that individual "attributes" can be 
registered for the registered sets of conditions. The term 
55 of "attributes" used herein means information other than 
the transmission voltage, the transmission frequency 
and the transmission frame rate. For instance, an at- 
tribute may provide a condition that a shift from a par- 
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ticular ML to a next ML requires an input by pushing a 
specific button. Another attribute may provide a condi- 
tion that a specific execution time needs to be defined. 
For example, the ultrasonic transmission may be carried 
out at MLh only for T seconds and then the next set of 
conditions is automatically selected. 

(Collecting and Displaying Ultrasonic Images) 

[0051] How the ultrasonic diagnostic apparatus 10 
performs a diagnostic sequence of collecting perfusion 
images for existential diagnosis and vascular images for 
achieve qualitative diagnosis will be described, with ref- 
erence to FIGS. 7A through 12. 
[0052] FIGS. 7A, 7B and 7C illustrate the sequences 
of ultrasonic transmission when the programs of Set No. 
3, Set No. 4 and Set No. 5 of FIG. 6 are respectively 
used. FIGS. 8, 9 and 10 are flowcharts explaining the 
sequences of ultrasonic diagnosis that is performed 
when the programs of Set No. 3, Set No. 4 and Set No. 
5 of FIG. 6 are respectively used. 
[0053] First, the sequence of ultrasonic diagnosis per- 
formed by using the program Set No. 3 will be explained 
with reference to FIGS. 7A and 8. 
[0054] As FIG. 8 depicts, the Set No. 3 is read out 
from the internal memory device 29 and stored in the 
working memory of the control processor 27 when the 
operator selects the program Set No. 3 by carrying out 
a predetermined input operation (Step S1). 
[0055] When Set No. 3 is thus selected, a contrast 
medium is injected (Step S2). An ultrasonic wave is 
transmitted according to the registered program. "Sono- 
Vue (BRI)" may be a non-limitative example of prefera- 
ble contrast medium that can be injected in Step S2. 
Other preferable examples of contrast medium "Levo- 
vist, Optison, Sonozoid" or the like can be used. 
[0056] Then, an ultrasonic wave is transmitted in the 
conditions of ML1 that are suitable for collecting per- 
fusion images of tissues for the purpose of existential 
diagnosis and moving perfusion images are collected 
and displayed (Step S3). 

[0057] Once the ultrasonic wave has been transmit- 
ted in the conditions of ML1 , it is possible to observe the 
alignment of the region to be diagnosed, the new in-flow 
of the contrast medium, and a perfusion image showing 
the contrast medium pervading the entire tissues on a 
real time basis. The transmission voltage of ML1 can be 
shifted sequentially by operating the volume control ar- 
ranged on the ultrasonic diagnostic apparatus for the 
purpose of regulating the transmission gain. 
[0058] A command for a switch of ML is input when 
the operator pushes a predetermined button for shifting 
the conditions. The conditions of MLh are thereby se- 
lected. Then, an ultrasonic wave is transmitted in the 
conditions of MLh to destruct the bubbles of the contrast 
medium in the region being observed (Step S4). It is now 
possible to observe the new in-flow of the contrast me- 
dium into the region being observed for the purpose of 



diagnosis in the next step. Note that, the attribute of MLh 
is defined to be "1 second" as seen from FIG. 7A. There- 
fore, the conditions of transmission are switched to 
those of ML2 that are automatically selected after one 
5 second. 

[0059] Subsequently, an ultrasonic wave is transmit- 
ted in the conditions of ML2 that are suitable for observ- 
ing blood flows of the vascular system showing a rela- 
tively high supply rate for the purpose of qualitative di- 
10 agnosis and moving vascular images are collected and 
displayed on a real time basis (Step S5). As a result, the 
contrast medium gradually flowing into blood vessels 
and the gradual rise of luminance in blood vessels can 
be observed. 

15 [0060] When the operator pushes again the switch for 
shifting the conditions of transmission, an ultrasonic 
wave is transmitted on the conditions of ML1 again. A 
moving ultrasonic image is displayed in real time. At this 
time, the interior of any blood vessel that has a high flow 

20 rate is displayed at a high luminance level (Step S6). 
This is because the contrast medium is made to flow in 
to show a high concentration level, while tissues are so 
displayed as to visualize the increasing luminance. 
[0061] The ultrasonic images are thus collected and 

25 displayed in the conditions of Set No. 3. This diagnostic 
sequence may be repeated until a command for termi- 
nating the diagnostic sequence is input typically by way 
of a button. Preferably, an operation of ultrasonic trans- 
mission/reception, e.g., an operation of collecting imag- 

30 es in a B mode, is conducted after the diagnostic se- 
quence on the conditions of Set No. 3 is completed and 
before the diagnostic sequence on the conditions of Set 
No. 3 is started. 

[0062] How the sequence of ultrasonic diagnosis is 
35 performed when the program Set No. 4 is used will be 
described, with reference to FIGS. 7B and 9. 
[0063] As FIG. 9 illustrates, the Set No. 4 is read out 
from the internal memory device 29 and stored into the 
working memory of the control processor 27 when the 
40 operator selects the program Set No. 4 by carrying out 
a predetermined input operation (Step SV). 
[0064] Step S2' through Step S4' identical to Step S2 
through Step S4 shown in FIG. 8 are carried out. 
[0065] Subsequently, an ultrasonic wave is transmit- 
45 ted in the conditions of ML3 that are suitable for observ- 
ing blood flows of the vascular system showing a rela- 
tively high supply rate for the purpose of qualitative di- 
agnosis and moving vascular images are collected 
(Step S5'). As a result, it is possible to observe the con- 
so trast medium gradually flowing into blood vessels and 
the gradual rise of luminance in blood vessels on a real 
time basis. Note that, as shown in FIG. 7B, the attribute 
of ML3 is defined to be "1 0 second" for Set No. 4. There- 
fore, the conditions of transmission are switched to 
55 those of ML2 that are automatically selected after ten 
second. 

[0066] Thereafter, an ultrasonic wave is transmitted 
in the conditions of ML2, which is lower than ML3 for the 
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purpose of qualitative diagnosis, and moving vascular 
images are collected and displayed (Step S6'). As a re- 
sult, it is possible to observe moving vascular images 
suitably depicting a finer vascular system. The moving 
vascular images have a lower flow rate than images ob- 
tained at ML3 in real time. Since ML2 and ML3 are dif- 
ferent in terms of ability of destructing contrast media, 
moving ultrasonic images that show different changing 
rates of luminance can be observed as the contrast me- 
dium is made to flow through blood vessels. The ability 
of destructing contrast media is lower at ML2 than at 
ML3. The changing rate of luminance in blood vessels 
is therefore higher at ML2 than at ML3. Thus, the con- 
trast medium can be observed satisfactorily because 
ML2 and ML3 provide moving ultrasonic images with dif- 
ferent changing rates of luminance. In this embodiment, 
the attribute of ML2 is also defined to be "1 0 second" for 
Set No. 4. Hence, the conditions of transmission are 
switched to those of ML1 that are automatically selected 
after ten second. 

[0067] Then, an ultrasonic wave is transmitted in the 
conditions of ML1 once again, and a moving perfusion 
image of tissues is displayed for observation on a real 
time basis (Step S7'). 

[0068] Thus, the ultrasonic images are collected and 
displayed in the conditions of Set No. 4. Preferably, an 
operation of ultrasonic transmission/reception, e.g., an 
operation of collecting images in a B mode, is conducted 
as described above, after the completion of the diagnos- 
tic sequence on the conditions of Set No. 4 and before 
the start of the diagnostic sequence on the conditions 
of Set No. 4. 

[0069] The sequence of operation of ultrasonic diag- 
nosis is performed when the program Set No. 5, as will 
be described with reference to FIGS. 7C and 10. In this 
diagnostic sequence, a flash transmission of 1 second 
on the conditions of MLh is inserted at the time of switch- 
ing from an ultrasonic transmission for existential diag- 
nosis to an ultrasonic transmission for qualitative diag- 
nosis. As a result, the contrast medium in the region be- 
ing observed can be wiped out and a new in-flow of con- 
trast medium into the region of observation can be ob- 
served. 

[0070] As shown in FIG. 10, as the operator selects 
the program Set No. 5 by carrying out a predetermined 
input operation, the Set No. 5 is read out from the inter- 
nal memory device 29 and stored in the working memory 
of the control processor 27 (Step S1"). 
[0071] Then, the operations of Step S2" through Step 
S4 n are carried out as in the case of Step S2 through 
Step S4 in FIG. 8 (Step S2 M through 4 M ). 
[0072] Subsequently, an ultrasonic wave is actually 
transmitted on the conditions of ML3 that are suitable 
for observing blood flows of the vascular system show- 
ing a relatively high supply rate for the purpose of qual- 
itative diagnosis and moving vascular images are col- 
lected and displayed (Step S5"). As a result of the ultra- 
sonic transmission on the conditions of ML3, it is possi- 



ble to observe the contrast medium gradually flowing in- 
to blood vessels by moving vascular images on a real 
time basis. Note that the attribute of ML3 is defined to 
be "10 second". Therefore, the conditions of transmis- 
5 sion are switched to those of MLh that are automatically 
selected after ten second. 

[0073] Thereafter, a flash transmission is conducted 
on the conditions of MHh in the 10 seconds of Step 
S5" for the purpose of destructing the accumulated con- 
w trast medium (Step S6 H ). This ultrasonic transmission in 
the conditions of MLh is conducted for 1 second as in 
the case of Step S4" and the conditions of transmission 
are switched to those of ML2 that are automatically se- 
lected. 

is [0074] Then, an ultrasonic wave is transmitted in the 
conditions of ML2, which is lower than ML3 for the pur- 
pose of qualitative diagnosis, and moving vascular im- 
ages are collected and displayed (Step S7"). As a result, 
moving vascular images suitably depicting a finer vas- 

20 cular system that has a lower flow rate than images ob- 
tained at ML3 can be observed in real time. The attribute 
of ML2 is also defined to be "10 second" as shown in 
FIG. 7C. Hence, the conditions of transmission are 
switched to those of MLh that are automatically selected 

25 after ten second. 

[0075] Thereafter, a flash transmission is conducted 
for one second for the purpose of destructing the con- 
trast medium accumulated for 1 0 seconds at Step S7" 
(Step S8"). Subsequently, the conditions of transmis- 

30 sion are switched to those of ML1 that are automatically 
selected. 

[0076] Then, an ultrasonic wave is transmitted in the 
conditions of ML1 so that a perfusion image of tissues 
where the contrast medium is being accumulated can 

35 be observed in real time (Step S9"). 

[0077] The ultrasonic images are collected and dis- 
played in the conditions of Set No. 5 by performing the 
above sequence. Preferably, an operation of ultrasonic 
transmission/reception, e.g., an operation of collecting 

40 images in a B mode, is conducted after the completion 
of the diagnostic sequence on the conditions of Set No. 
5. 

[0078] During the sequence of existential diagnosis 
and the sequence of qualitative diagnosis, a moving per- 
45 fusion image and/or a moving vascular image can be 
displayed on the monitor 25 in a manner as described 
below. 

[0079] FIG. 11 shows a moving perfusion image and 
a moving vascular image, which are displayed, in juxta- 

50 position on a monitor 25. As seen form FIG. 11, the dis- 
play screen of the monitor 25 is divided into two parts 
allocated respectively to a perfusion image and a vas- 
cular image in order to display them simultaneously. 
[0080] In the display mode of FIG. 11, the most up- 

55 dated image can be automatically displayed as per- 
fusion image selected or as vascular image selected, by 
defining an attribute for judging "which sets of conditions 
are selected with priority" for transmission. More specif- 
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ically, in a diagnostic sequence, a perfusion image is dis- 
played (a moving perfusion image is displayed on a real 
time basis) if the attribute assigned to the conditions of 
transmission of ML is for observing a perfusion image. 
If the assigned attribute is for observing a vascular im- 
age, a vascular image is displayed. In an ordinary ultra- 
sonic diagnosis system, the most recently collected im- 
age is held on the screen as the image that is not active. 
The operator can therefore see a perfusion image and 
a vascular image on the same display screen simulta- 
neously. 

[0081] An synthetically combined image can be dis- 
played, which consists of a perfusion image and a vas- 
cular image that have same spatial posture and overlap 
each other as is illustrated in FIG. 1 2. To enable the op- 
erator to distinguish the two images without fail, it is pre- 
ferred that the perfusion image and the vascular image 
be displayed in different colors with different hue scales. 
If the images are so displayed, blood flows in blood ves- 
sels can be structurally clearly observed in an echo im- 
age of tissues containing perfusion for the ease of diag- 
nosis. 

[0082] The present invention provides the following 
advantages. 

[0083] As described above, an ultrasonic wave must 
be transmitted at a low ML to reduce the loss of micro- 
bubbles as shown in FIG. 13, thereby to obtain a per- 
fusion image of tissues for existential diagnosis. To per- 
form qualitative diagnosis, the operator must select a 
relatively high ML to detect only blood flows in the vas- 
cular system, which shows a relatively high supply rate, 
and to obtain a vascular image. With the conventional 
ultrasonic diagnostic apparatuses it is impossible to ob- 
tain the two images simultaneously. Therefore, the op- 
erator of any conventional apparatus must select a de- 
sired condition by turning, for example, the dial for ad- 
justing the acoustic pressure of the ultrasonic wave that 
is to be transmitted. However, the acoustic pressure of 
the ultrasonic wave is not the sole parameter for defining 
ML. Consequently, the operator needs to operate the 
frequency button and other buttons at the same time he 
or she rotates of the dial. 

[0084] With the ultrasonic diagnostic apparatus ac- 
cording to the invention, optimal transmission conditions 
for both existential diagnosis and qualitative diagnosis 
can be selected in the contrast echo method. In addition, 
ultrasonic images are collected and processed accord- 
ing to the diagnostic sequence provided for the two 
types of diagnosis that are appropriately switched. Con- 
ditions of ultrasonic transmission are selected in accord- 
ance with the program registered in advance, either au- 
tomatically or as the operator pushes a button, thus gen- 
erating a command for selection of conditions. There- 
fore, both the protocol for existential diagnosis and the 
protocol for qualitative diagnosis can be followed quickly 
and easily in a single diagnostic sequence, though their 
optimal conditions of transmission contradict each oth- 
er. As a result, an occupying disease (tumor) can be de- 
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tected by means of the protocol for existential diagnosis 
and can be identified by means of the protocol for qual- 
itative diagnosis. 

[0085] Additionally, ultrasonic images can be collect- 

5 ed by using a high luminance echo signal and the new 
in-flow of contrast medium into the region of interest can 
be observed in the next existential diagnosis or qualita- 
tive diagnosis, by effecting a flash transmission between 
an existential diagnosis and a qualitative diagnosis. 

10 [0086] The ultrasonic diagnostic apparatus according 
to the invention can register a desired combination of 
MLs as a program. Therefore, the operator can deter- 
mine a desired sequence, and existential diagnosis and 
qualitative diagnosis can be conducted easily and quick- 

15 |y jn accordance with the sequence. 

[0087] The perfusion image and the vascular image 
collected in a diagnostic sequence including existential 
diagnosis and qualitative diagnosis are displayed side 
by side or overlap each other. Thus, the observer can 

20 compare the perfusion image and the vascular image 
more easily than otherwise. 

[0088] As has been described, the present invention 
provides an ultrasonic diagnostic apparatus that can 
display a diagnostic sequence including both existential 
25 diagnosis and qualitative diagnosis, and provide a meth- 
od of controlling such an ultrasonic diagnostic appara- 
tus. 



30 Claims 

1 . An ultrasonic diagnostic apparatus (10) character- 
ized by comprising: 

35 an ultrasonic probe (13) which transmits an ul- 

trasonic wave to a predetermined region of a 
subject (P) injected a contrast medium and re- 
ceiving a reflection wave from the subject (P); 
a drive signal generation unit (1 5) configured to 

40 generate a drive signal to drive said ultrasonic 

probe (13); 

a controller (27) which controls said drive signal 
generation unit (15) to switch at least three 
wave transmitting conditions in a predeter- 

45 mined order, each of the at least three wave 

transmitting conditions being for acquiring dis- 
tribution information on the contrast medium 
applied into the tissues of said predetermined 
region and showing different contrast medium 

so destructing abilities; and 

an image generation unit (23) configured to 
generate an ultrasonic image from the reflec- 
tion wave obtained by at least one of the ultra- 
sonic waves transmitted respectively in each of 

55 the at least three wave transmitting conditions. 

2. The ultrasonic diagnostic apparatus (1 0) according 
to claim 1 , characterized in that the at least three 
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wave transmitting conditions include the first wave 
transmitting condition for acquiring ultrasonic image 
without destructing the contrast medium, the sec- 
ond wave transmitting condition for destructing the 
contrast medium and the third wave transmitting 
condition different from the first and second wave 
transmitting conditions; said controller (27) controls 
said drive signal generation unit (15) to switch the 
second, third and first wave transmitting conditions 
sequentially; and 

said image generation unit (23) generates in 
real time a plurality of ultrasonic images from the 
reflection wave obtained by an ultrasonic wave 
transmitted in the third wave transmitting condition 
and generates in real time a plurality of ultrasonic 
images from the reflection wave obtained by an ul- 
trasonic wave transmitted in the first wave transmit- 
ting condition. 

3. The ultrasonic diagnostic apparatus (10) according 
to claim 1 or 2, characterized in that each of the 
at least three wave transmitting conditions includes 
at least one item selected from the group consisting 
of an acoustic pressure, a voltage of the drive signal 
to drive said ultrasonic probe (13), an ultrasonic fre- 
quency, the number of ultrasonic waves and the 
number of the drive signals generated per unit time. 

4. The ultrasonic diagnostic apparatus (1 0) according 
to claim 1 , 2 or 3, characterized by further com- 
prising: a memory (29) which stores a first program 
defining a predetermined sequence of diagnosis in 
such a manner to switch the first wave transmitting 
condition, the second wave transmitting condition 
and the third wave transmitting condition in a pre- 
determined order to diagnose the blood flow in tis- 
sues and the blood flow in the vascular system; 

wherein said controller (27) controls said drive 
signal generation unit (1 5) according to the first pro- 
gram. 

5. The ultrasonic diagnostic apparatus (10) according 
to any one of claims 1 to 4, characterized by further 
comprising: a program registration unit configured 

. to register newly a second program different from 
the first program; 

wherein said memory (29) stores the second 
program; and 

said controller (27) controls said drive signal 
generation unit (15) according to the first program 
or the second program. 

6. The ultrasonic diagnostic apparatus (10) according 
to any one of claims 1 to 5, characterized by further 
comprising: an input device (33) to input a com- 
mand for switching the at least three wave transmit- 
ting conditions. 
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7. The ultrasonic diagnostic apparatus (10) according 
to any one of claims 1 to 6, characterized in that 
timings of the switching the at least three wave 
transmitting conditions can be set arbitrary; and 
5 said controller (27) controls said drive signal gener- 
ation unit (15) to switches the at least three wave 
transmitting conditions automatically at preset tim- 
ing. 

w 8. The ultrasonic diagnostic apparatus (10) according 
to any one of claims 1 to 7, characterized by further 
comprising: a display device (25) which displays a 
first ultrasonic image and a second ultrasonic image 
simultaneously, either separated from each other or 

15 overlapping each other at spatial positions, the first 
ultrasonic image being obtained from the ultrasonic 
wave transmitted in the first wave transmitting con- 
dition and the second ultrasonic image being ob- 
tained from the ultrasonic wave transmitted in the 

20 third wave transmitting conditions. 

9. An ultrasonic diagnostic apparatus (1 0) character- 
ized by comprising: 

an ultrasonic probe (13) which transmits an ul- 
trasonic wave to a predetermined region of a 
subject (P) injected a contrast medium and re- 
ceives a reflection wave from the subject (P); 
a drive signal generation unit (15) configured to 
generate a drive signal to drive said ultrasonic 
probe (13); 

a controller (27) which controls said drive signal 
generation unit (1 5) to switch a first wave trans- 
mitting condition which does not destruct the 
contrast medium substantially, a second wave 
transmitting condition which substantially de- 
structs the contrast medium and a third wave 
transmitting condition which differs from the 
first and second wave transmitting conditions, 
in a predetermined order; and 
an image generation unit (23) configured to 
generate an ultrasonic image on the basis of 
the reflection wave obtained by at least one of 
the ultrasonic waves transmitted respectively 
on each of the first, second and third wave 
transmitting conditions. 

10. The ultrasonic diagnostic apparatus (10) according 
to claim 9, characterized in that said controller (27) 
controls said drive signal generation unit (15) to 
switch the first wave transmitting conditions, the 
second wave transmitting conditions, the third wave 
transmitting conditions and a fourth wave transmit- 
ting conditions which differs from the first, second 
and third wave transmitting conditions in a prede- 
termined order. 

11. A method of controlling an ultrasonic diagnostic ap- 
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paratus (10) which scans a predetermined region 
of a subject (P) with a contrast medium injected, by 
using an ultrasonic probe (1 3), and which generates 
an ultrasonic image, said method characterized by 
comprising: 5 

supplying drive signals to said ultrasonic probe 
(13) to switch at least three wave transmitting 
conditions for acquiring distribution information 
on the contrast medium in the tissues in said io 
predetermined region, in a predetermined or- 
der by said ultrasonic scanning, the at least 
three wave transmitting conditions showing dif- 
ferent contrast medium destructing abilities re- 
spectively; and 15 
generating an ultrasonic image from the reflec- 
tion wave obtained from at least one of the ul- 
trasonic waves transmitted respectively in each 
of the at least three wave transmitting condi- 
tions. 20 



characterized by further comprising: displaying a 
first ultrasonic image and a second ultrasonic image 
simultaneously, either separated each other or 
overlapping each other at spatial positions, the first 
ultrasonic image being obtained from the ultrasonic 
wave transmitted in the first wave transmitting con- 
dition and the second ultrasonic image being ob- 
tained from the ultrasonic wave transmitted in the 
third wave transmitting condition. 



12. The method according to claim 11, characterized 
In that each of the at least three wave transmitting 
conditions includes at least one item selected from 

the group constituting of an acoustic pressure, a 25 
voltage of the drive signal to drive said ultrasonic 
probe (13), an ultrasonic frequency, the number of 
ultrasonic waves and the number of drive signals 
generated per unit time. 

30 

13. The method according to claim 11 or 12, charac- 
terized in that the at least three wave transmitting 
conditions include the first wave transmitting condi- 
tion for acquiring ultrasonic image without destruct- 
ing the contrast medium, the second wave transmit- 35 
ting condition for destructing the contrast medium 
and the third wave transmitting condition different 
from the first and second wave transmitting condi- 
tions; 

to supply the drive signals, the drive signals *o 
are supplied to switch the second wave transmitting 
condition, the third wave transmitting condition and 
the first wave transmitting condition; and 

to generate the ultrasonic image, a plurality of 
ultrasonic images are generated in real time from *s 
the reflection wave obtained from an ultrasonic 
wave transmitted in the third wave transmitting con- 
dition and a plurality of ultrasonic images are gen- 
erated in real time from the reflection wave obtained 
from an ultrasonic wave transmitted in the first wave so 
transmitting condition. 

14. The method according to claim 11, 12 or 13, char- 
acterized in that said supplying the drive signals is 
carried out in response to respective input com- 55 
mands or automatically at predefined timings. 



15. The method according to claim 11, 12, 13 or 14, 
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